Background: Evidence suggests that schizophrenia may be associated with an increased risk of dementia, but results from prior studies have been inconsistent. This study aimed to estimate the relationship between schizophrenia and incident dementia using a quantitative meta-analysis. Methods: Several databases were used to gather relevant information, including PubMed, Embase, and Web of Science, with the publication date of articles limited up to December 23, 2017. All studies reported a multivariate-adjusted estimate, represented as relative risk (RR) with 95% confidence intervals (CIs), for the association between schizophrenia and risk of dementia incidence. Pooled RRs were calculated using a random-effects model. Results: Six studies met our inclusion criteria for this meta-analysis, which included 206,694 cases of dementia and 5,063,316 participants. All individuals were without dementia at baseline. Overall, the quantitative meta-analysis suggested that subjects with schizophrenia were associated with a significantly greater risk of dementia incidence (RR 2.29; 95% CI 1.35-3.88) than those without.
Introduction
Dementia is one of the most common and most devastating diseases of late life, and is a burdensome health condition worldwide. 1 It is characterized by a progressive loss of cognitive and functional abilities related to behavioral disturbances, which consequentially leads to debility and death. 2, 3 Recent estimates suggest that approximately 44 million people currently suffer from dementia, with each year seeing an increase of 7.7 million new cases. 4 Based on a shifting demographic and associated epidemiological profile worldwide, the number of people affected is predicted to double every 20 years and is creating a substantial financial, social, and public health burden, particularly in resource-poor countries. 4, 5 Schizophrenia is a brain disorder with symptoms of hallucinations and delusions, 6 which is a chronic mental illness with a lifetime prevalence of nearly 1% in the general population. 7 The disorder is related to disturbances in communication, perception, and thought processes, as well as abnormalities in behavior. 8 Social disability and substantial functional impairment are common results of these disturbances. 9 Diminished cognition is a basic feature of schizophrenia. schizophrenia and dementia risk. [16] [17] [18] A number of studies have found a significant cognitive decline over time in people with schizophrenia. 16, 19, 20 However, some results suggested that the course of schizophrenia did not lead to dementia. [21] [22] [23] [24] [25] Therefore, the relation between schizophrenia and the risk of subsequent dementia remains controversial.
Whether schizophrenia independently increases dementia incidence, or whether this correlation is confounded by traditional dementia predispositions, is unclear as previous studies have shown inconsistent results. 26 Moreover, the past literature contained no adequate evidence on subgroups, such as study design (prospective vs retrospective), geographical area (Europe vs non-Europe), duration of follow-up (,10 years vs $10 years), quality (Newcastle-Ottawa Scale [NOS] score 8 vs 9), and age (,65 years vs $65 years). Thus, to obtain a more comprehensive estimate of the putative influence of schizophrenia on dementia, we performed a meta-analysis of studies.
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Methods
Recommended guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement were followed in the production of this metaanalysis. 28 
Literature search
Two researchers performed a systematic review of peerreviewed papers from the databases of PubMed, Embase, and Web of Science, with the date restricted to articles published up to December 23, 2017 . The database search keywords were: "Schizophrenias" OR "Schizophrenic Disorders" OR "Disorder, Schizophrenic" OR "Disorders, Schizophrenic" OR "Schizophrenic Disorder" OR "Dementia Praecox" AND "Dementias" OR "Amentia" OR "Amentias" OR "Senile Paranoid Dementia" OR "Dementias, Senile Paranoid" OR "Paranoid Dementia, Senile" OR "Paranoid Dementias, Senile" OR "Senile Paranoid Dementias" OR "Familial Dementia" OR "Dementia, Familial" OR "Dementias, Familial" OR "Familial Dementias" AND "prospective studies" OR "cohort studies" OR "longitudinal studies" OR "follow-up studies". We used Medical Subject Heading (MeSH) terms to retrieve literature in PubMed, and Emtree terms were used in Embase. The article search was limited to those published in the English language. In addition, we searched the reference lists of the included studies. The literature search, title/abstract screening, final decision on eligibility after full-text review, and data extraction were independently performed by two investigators.
Study selection
The following inclusion criteria were adopted: (1) the study of patients had a community-based or population-based design (prospective or retrospective); (2) the original article was not found in reviews, posters, or abstracts; (3) the exposure was schizophrenia; (4) there was at least a 12-month period of follow-up; and (5) the study reported quantitative estimates of the multivariate-adjusted relative risks (RRs) and 95% confidence intervals (CIs) for dementia related to schizophrenia; hazard ratios and odds ratios were considered equivalent to RRs. Exclusion criteria were as follows: (1) the study design method was cross-sectional; (2) animal or cell-line studies, commentaries, meta-analyses, case reports or series, reviews, meetings, and editorials or manuscripts unrelated to the research topic; (3) studies with shorter than a 12-month period of follow-up; and (4) studies with insufficient data to estimate adjusted RRs and 95% CIs. We used EndNote to remove duplicate data. Titles and abstracts were screened for eligible studies and the full text was subsequently reviewed for potential qualifying studies. If multiple studies derived from the same research center, the authors were contacted to exclude overlapping samples.
Data abstraction and quality assessment
The two authors (LSC and JWH) independently extracted the data. If there was disagreement, a colleague (Liang Gao) was consulted to resolve the disagreement. The following data were extracted from each study: the first author's family name, year of publication, study design, country, location, number of participants, number of dementia cases, sex, mean age, follow-up time, assessment of schizophrenia and dementia, adjusted covariates, and study quality. The NOS criteria were used to evaluate the quality of the included original articles. 29 The quality of studies was evaluated in the following three major components: selection of the study group (score 0-4), quality of the adjustment for confounding (score 0-2), and assessment of outcome or exposure in the cohorts (score 0-3) (a total score of 0 denoted noncompliance with any criteria; 9 denoted complete compliance with all criteria). Studies were graded on a high to low point scheme, with a good quality score if they met 7-8 points, fair if they met 4-6 points, and poor if they met 4 points.
Statistical analysis
All statistical analyses were performed using Stata software (version 12.0; StataCorp, College Station, TX, USA). The data analysis used multivariate adjusted RRs and 95% CIs. We converted these values in every study by using their 
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Schizophrenia and risk of dementia: a meta-analysis study natural logarithms, and the SEs were calculated from these logarithmic numbers and their corresponding 95% CIs. 30 The outcome was pooled using the random-effects model. 31 P-values were two sided and P,0.05 was considered statistically significant.
Results
Search results
The initial search identified 127 records from PubMed, 51 records from Embase, 559 records from the Web of Science, and one record from other sources. After removing duplicate papers, 649 studies were identified in total. Scanning of titles and abstracts resulted in the identification of 38 articles for full-text scrutiny. In total, 32 studies were excluded: 25 lacked necessary data, [10] [11] [12] [13] [14] [16] [17] [18] [19] [20] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] one was a review, 47 five did not report dementia outcome, [21] [22] [23] [24] [25] and one was a sample duplication. 15 Finally, there were six papers including 206,694 cases of dementia and 5,063,316 participants in the meta-analysis [48] [49] [50] [51] [52] [53] ( Figure 1 ).
Study characteristics
The general characteristics of the selected studies and participants included in the present meta-analysis are listed in Table 1 . Among the six studies, four were conducted primarily in European countries, 48, 49, 51, 53 one was from an Asian country, 50 and one was from Oceania. 52 The follow-up duration ranged from 3 to 20 years; in three studies follow-up was ,10 years 48, 50, 53 and in three studies .10 years. 49, 51, 52 Four studies were prospective [49] [50] [51] 53 and two studies retrospective. 48, 52 All studies did not have sex-specific data, only two studies have reported the RR of men and women, respectively. 50, 51 All studies provided adjusted risk estimates. The overall assessment of studies was good (range 8-9 points). Dementia was present in schizophrenia patients of all ages. For age-group analysis, patients were divided into two categories (,65 and $65 years). 50, 51 Quality assessment
In accordance with NOS criteria, 29 risk assessment for bias was carried out in the six included studies ( Table 2 ). The results indicated that the methodological quality of the studies was satisfactory (range 8-9 points).
Schizophrenia and dementia incidence
The multivariable adjusted RRs of dementia incidence in respect of schizophrenia from a single study and the Figure 2 , all studies reported data on both men and women. The meta-analysis demonstrated that patients with schizophrenia, compared with non-schizophrenia subjects, had a significantly higher risk of developing dementia, based on the six studies [48] [49] [50] [51] [52] [53] (combined RR 2.29; 95% CI 1.35-3.88). Heterogeneity was significantly observed (P=0.000; I 2 =98.9%). The forest plots of multivariable RRs and 95% CIs for dementia incidence and schizophrenia are shown in Figure 2 .
Subgroup analysis
To further elucidate the role of schizophrenia in stroke, we next performed a subgroup analysis based on the six studies. [48] [49] [50] [51] [52] [53] The pooled RRs for dementia stratified by study design, geographical area, duration of follow-up, study quality, and age range or mean age of participants are shown in Figure 3 . In Figure 3 , the estimated RR for studies from Europe was 1.66 (95% CI 1.03-2.66) and from non-European countries was 4.70 (95% CI 4.37-5.06), and the pooled estimate of multivariate RRs of dementia incidence was 3.36 (95% CI 1.24-9.13) among women and 3.09 (95% CI 1.85-5.13) among men. We found significant associations in the overall subgroup meta-analysis by age. Furthermore, increases in dementia events were found in the subgroup of study design (prospective study: RR 2.52, 95% CI 1.47-4.34). In addition, we found significant associations in the overall subgroup meta-analysis by duration of follow-up (.10 years) and study quality (8 points).
Sensitivity analysis
Sensitivity analysis was performed by omitting one study at a time and reassessing the summary RR for the remaining studies. This demonstrated that no single study significantly influenced the statistically significant differences in dementia incidence, and indicated that the results of the present metaanalysis were firm (Figure 4 ).
Discussion
The meta-analysis of six studies involving 5,063,316 participants and 206,694 cases showed a significant positive 
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Schizophrenia and risk of dementia: a meta-analysis study relationship between schizophrenia and risk of dementia. These results implied that subjects with schizophrenia may have a higher prevalence of dementia than those without schizophrenia.
To a certain degree, the RR of dementia was higher among women than men. Some studies have shown that the higher dementia incidence in women is due to various mechanisms. First, women often end up living alone without a spouse when Figure 2 Meta-analysis of the association between schizophrenia and dementia incidence. The random-effects model was used. There was a highly significant difference between the two groups (P=0.002). Note: weights are from random effects analysis. Abbreviation: RR, relative risk. 53 Ku et al 2016 50 Ribe et al 2015 51 Rohde et al 2016 49 Tapiainen et al 2017 48 Zilkens 
Kørner et al 2009
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Figure 4
Sensitivity analyses results when the given named study was omitted.
they reach the age of 80 or 85 because women often marry older men, and men live shorter lives on average. Loneliness in old age is associated with a risk of dementia. 54 Second, women have decreased estrogen levels after menopause, leading to some physiological changes, which also lead to changes in brain nerves and brain function. This change is expressed through decreased cognitive function, especially diminished short-term memory. 55 Third, the most dominant genetic risk factor for dementia is the apolipoprotein E4 (APOE4) allele. Case-controlled studies suggest that the APOE4 link to dementia is stronger in women than in men. 56 Fourth, women are prone to mood swings, insomnia, irritability, anxiety, and depression, which affect brain function to a certain extent and may hasten the progression of dementia.
Schizophrenia is a severe psychotic disorder characterized by a variety of signs and symptoms, including sensory hallucinations, delusions, apathy, lack of volition, disorganized language or behavior, and poverty of speech.
14 Schizophrenia was historically regarded as "dementia praecox" because cognitive impairment is a common feature of schizophrenia. 19 There is evidence that cognitive changes present early in the course of schizophrenia. 57 Some studies suggest that cognitive decline occurs steadily throughout the course of the disease, as might occur in a progressive, neurodegenerative disorder. 58, 59 The cognitive and behavioral changes in schizophrenia are often severe enough to meet standard diagnostic criteria for dementia. 25, 46, 53, [60] [61] [62] Although the reason for the prevalence of dementia in people with schizophrenia is not well understood, several explanations are possible. First, schizophrenia patients could be a proxy variable for several chronic conditions, including cerebrovascular disease, 63 substance abuse, 64 atrial fibrillation or flutter, 65, 66 peripheral vascular disease, 63,67 diabetes mellitus, 68 ischemic heart disease, 63, 67, 69 and congestive heart failure, 63, 65 all of which are well-established risk factors for dementia. Second, the mechanism of schizophrenia is linked to cognitive and memory impairment, which has led to progressive brain dysfunction. 50 Third, a hypothesis has been suggested that the higher risk of dementia could reflect a common underlying etiology for schizophrenia and dementia. 70 Finally, the higher risk might be explained as being due to antipsychotics 50 and adverse health risk factors (such as alcohol consumption, tobacco smoking, and low physical activity) for individuals with schizophrenia. The cumulative use of antipsychotics for schizophrenia patients was related to cognitive decline in an observational follow-up study. 71 Moreover, there is evidence that the excess risk of dementia in subjects with schizophrenia may be explained by adverse health risk factors. 15 Thus, there are many potential reasons why people with schizophrenia may have progressive cognitive impairment during the course of the disease. 
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Schizophrenia and risk of dementia: a meta-analysis study Heterogeneity may come from several sources; therefore, subgroup analysis and sensitivity analysis were used to explore the possible confounders that explained the high level of between-study heterogeneity. The subgroup analysis suggested that the associations were still significant in different subgroups except in the retrospective study, with less than 10 years' duration and 9 points of quality ( Figure 3) . Thus, study design, follow-up duration, and study quality partly accounted for the significant heterogeneity. The heterogeneity may also be attributable to differences in environmental factors, physical condition, unhealthy lifestyles, selection bias, and how the studies were conducted. However, heterogeneity between studies was found in dementia incidence, which had little influence in the sensitivity analysis (Figure 4) . Although the existence of confounding factors could not be completely eliminated in the study populations, the recruitment of participants in the six eligible studies met the strict inclusion criteria. In summary, there was significant heterogeneity among individual studies, but the outcomes of our study were reliable.
The observational studies in this meta-analysis contained a number of limitations. First, it would be interesting to identify whether the schizophrenia-dementia association differed by schizophrenia subtype (eg, paranoid vs hebephrenic) and dementia subtype (eg, Alzheimer's disease and vascular dementia), but few data were available for a stratified analysis. Second, we included only six studies, some of which had a relatively small sample size. The limited number of included studies meant that we were only able to include a small number of moderators in the subgroup analysis. The small number of studies providing data on patient-related moderators made it difficult to undertake further analysis (such as meta-regression and checks for publication bias). Third, language bias and selection bias might be unavoidable. We performed searches on three major electronic databases with the limitation of English language-based articles. Thus, some literature published in Chinese or other non-English languages may have been missed. Furthermore, the majority of studies included were from Western countries, while only one study was from Asia and one from Oceania, and there were no relevant reports from any African populations. Fourth, it is well established that the early mortality rate of schizophrenia patients is higher than in the general population; thus, these patients may have died before developing dementia. This possibility may make the result a conservative one. Finally, confounding from other risk factors (eg, poor health care, unhealthy lifestyles, low education, antischizophrenia or antipsychotic drug effects) may have affected the significant relation between schizophrenia and dementia risk. These limits highlight the need for continued investigations into schizophrenia in dementia.
Conclusion
The results of this meta-analysis show that schizophrenia is significantly associated with an increased risk of dementia. Our findings suggest that individuals with schizophrenia should be provided with efficient prevention strategies against dementia or that medical treatments for schizophrenia that may decrease the risk of dementia should be chosen. Further studies, especially randomized controlled studies of agents that lower or prevent elevated schizophrenia, should explore whether or not schizophrenia is a potentially modifiable risk factor for dementia.
